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Abstract 
A reduction in the piezometric surface of the western part of the Great Artesian Basin in Australia has led to 
reductions in flow from the iconic travertine mound springs. This has led to oxidation of sub-aqueous sulfidic soils in 
the discharge zone and in some cases extreme soil acidification (pH < 1). Net acidities are extremely high (>20,000 
mol H+/tonne) and oxidation has induced intense weathering of the soils and adjacent carbonate mounds. 
Concomitant high evaporation rates have led to the development of thick layers of rare hydroxysulfate efflorescent 
minerals, which are highly soluble stores of acidity and metals. Preliminary Fe isotope data show significant 
fractionation associated with the oxidation and transport of Fe in soil profiles. 
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1. Introduction 
Ancient and modern carbonate Mound Springs are a common feature in parts of the Great Artesian 
Basin (GAB) in Australia, forming natural discharges of artesian groundwater. They are generally located 
along fault lines which may extend to great depths in the lithosphere. The isolated nature of many GAB 
springs has resulted in the preservation of a number of endemic, rare and relict species of ecological, 
evolutionary and biogeographical significance. Any change in artesian pressure or flow may have 
significant impacts on these species. This study highlights an additional recently identified hazard 
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associated with some carbonate springs in the western part of the basin (Fig 1): extreme acidification 
from acid sulfate soils (ASS). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Study area west of Lake Eyre, South Australia. 
 
2. Sampling and field observations 
Clay-rich soil samples were collected from a number of spring vents west of Lake Eyre (Fig 1). For 
most springs, a shallow soil sample or surface mineral efflorescence was collected where field 
observations suggested that ASS may be present. More detailed sampling was undertaken at selected 
springs where sulfidic soils were suspected (H2S smell) or where strongly sulfuric materials were 
identified (pH < 4, yellow/green surface efflorescences) in the field. The pH of the soils was measured 
upon return to the laboratory, and allowed to incubate in chip trays to determine their potential to oxidise 
or further acidify over time [1, 2]. Acid base accounting analyses were also completed to calculate Net 
Acidity and the hazards from actual and stored acidity.  
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One of the ubiquitous features of discharge zones in the arid environments of Mound Springs of the 
GAB is the presence of surface mineral efflorescences (salts) due to high evaporation rates. Bright 
yellow, yellow-green and white mineral efflorescences were noted, along with a strong smell of sulfur-
gases (similar to that at acid mine drainage sites). Field pH measurements at a number of these springs 
were very low (pH < 1-4). Although the soils were very acidic, the impacts on surface water quality are as 
yet localised, as the soils appear to have only recently started to dry. At one spring complex (Brinkley), 
however, small pools of very acidic water were present. 
3. Laboratory data 
The pH of soils varied widely from pH < 1 to pH 10. In the most extreme soils, sulfuric materials were 
present to depths of at least 80 cm. The change in pH during incubation experiments also varied, with 
many circumneutral pH soils showing only a small decrease due to high buffering capacity by carbonate, 
whilst others showed very large decreases where sulfide concentrations were high and acid neutralizing 
capacity (ANC) was low or absent. The lowest recorded pH was 0.12. 
The concentrations of sulfide, measured as Cr-reducible S (SCr) in soil layers varied from < 0.01 % up 
to > 40 % SCr (the highest yet recorded for ASS). Net acidities also showed a wide range, from -10,852 to 
+26,680 mol H+/tonne (Fig 3). Although trigger values have not been explicitly defined for inland ASS in 
Australia, those for coastal ASS vary from +19 mol H+/tonne for coarse-grained materials to +62 mol 
H+/tonne for fine-grained materials. The highest values recorded for GAB springs, therefore, indicate 
severe acidification hazards in these soils. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Acid-Base accounting data for selected soil profiles. TAA: titratable actual acidity; Scr: Cr-reducible S, ANC: acid 
neutralizing capacity; RA: retained acidity. 
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Surface pools from the Brinkley Spring had a pH of 2.5, with high trace metal concentrations, including 
Al (61 mg l-1), Fe (68 mg l-1), Be (223 μg l-1), Y (110 μg l-1) and Th (14 μg l-1). Most of transition metals 
were only present at low concentrations, probably due to their limited availability in soils related to low 
solubility in the circumneutral pH spring discharges. 
Preliminary iron isotope data (Fig 3) indicate significant fractionation during the formation of sulfuric 
materials as pyrite is oxidised to form a range of hydroxysulfate minerals (overall range of G57Fe at 
Brinkley from +0.18 to -0.90 ‰). There was a large difference between the surface mineral 
efflorescences (0-20 cm) and the underlying sulfuric material (mainly natrojarosite).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Iron isotope variations with depth for three soil layers in the soil profile at Brinkley Springs. 
4. Summary 
The hazards associated with the acidic springs include soil and water acidification and metal release, 
posing a significant risk to the isolated and often rare ecosystems around the springs. Mineral 
efflorescences form important stores of acidity (and metals), with many being highly soluble and with 
rapid dissolution rates (as indicated by high titratable actual acidity and low retained acidity). Large 
differences in Fe isotope ratios in one oxidised soil profile suggest that evaporative processes in 
conjunction with oxidation may generate large fractionation in Fe isotopes but the processes are not yet 
fully understood. On-going work is focusing on Fe and S isotopes in more complete profiles where the 
original sulfidic materials are present (Fig 2). 
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